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insect, the tobacco hornworm
Manduca sexta. Further support
comes from Taniai et al. [16], who
found that hemocytes from the
silkworm, Bombyx mori, release
lipopolysaccharides from
phagocytosed bacteria, and that
the presence of such bacterial
components correlates with an
increased immunostimulatory
activity of a hemocyte supernatant.
The latter model predicts that the
hemocytes have an efficient
mechanism for the export of
digestion products, such as
peptidoglycan fragments, from
phagocytosed microorganisms.
That would be an interesting
parallel to the antigen-presenting
cells of the acquired immune
system in vertebrates. Future
work will reveal whether
Drosophila hemocytes are
‘antigen-presenting’ cells, whether
they act via cytokines, or in fact
whether both mechanisms
operate.
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The catenin p120 is involved in many processes, including cell–cell
adhesion and cancer. Recent work exploreswhether p120 independently
regulates two key binding partners, RhoGTPase and cadherin.Donald T. Fox1
and Mark Peifer1,2
Regulation of cell–cell adhesion is
critical for both morphogenesis
and metastasis. Cell-adhesion
complexes maintain and remodel
tissues via linkage to the
cytoskeleton. Regulated changes
in adhesion are coordinated with
cytoskeletal changes, thus
directing cellular and tissue
morphogenesis. Conversely, loss
of cell–cell adhesion can promote
tumor metastasis via changes in
cell motility. Thus, examining
regulators of adhesion and the
cytoskeleton will advance our
understanding of development
and disease.Despite its humble name, the
p120 protein is extremely versatile,
playing roles in adhesion, nuclear
signaling, and cancer. p120 also
binds to a formidable array of
partners, including cadherins,
which mediate cell–cell adhesion,
and the cytoskeletal regulator Rho,
a small GTPase. Understanding
p120’s multiple functions requires
assigning particular functions to
particular partners. While many
p120 partners were initially
identified in vitro, their in vivo
relevance is now being
addressed [1].
Several recent papers [2–5]
argue that p120 regulates both
cadherins and Rho in many cellular
processes, but suggest that thequestion of whether p120 regulates
these targets separately does not
have a simple answer. p120 plays
an important role at the interface of
adhesion and cytoskeletal
regulation during development and
oncogenesis. Originally identified
as a substrate of the Src oncogene,
p120 was subsequently found to
bind cadherins [1]. Loss-of-
function studies confirmed that
p120 promotes adhesion, at least
in part, by inhibiting endocytosis of
cadherins [6–9]. Recent in vivo
work in mammals emphasized
p120’s importance in cadherin
stabilization [2–5,10].
Overexpression studies
identified another p120 target —
RhoGTPase. p120 overexpression
reduces cell contractility and
actin-rich stress fibers, while
increasing cell motility, at least in
part, by inhibiting Rho and
activating Rac and Cdc42 [11–13].
Rho can bind both p120 and
a-catenin [14], suggesting that
regulation might occur at cell
junctions. However, E-cadherin
Dispatch
R25co-overexpression reverses p120’s
cytoskeletal effects, potentially by
sequestering p120 at junctions.
This suggests that p120 regulates
adhesion and RhoGTPases
independently [12,13]. Given the
caveats with overexpression
experiments, the physiological
relevance of Rho regulation by
p120 remained in question. Recent
loss-of-function studies [2–5]
significantly strengthen the idea
that p120 regulates Rho, and
examine whether this occurs
independently of cadherin
regulation.
p120 and Invasiveness
Coordinated regulation of
adhesion and the cytoskeleton
plays a key role in
epithelial–mesenchymal
transitions, both in embryogenesis
and during metastasis, where
adhesion is reduced while
migration is stimulated. Recent
work by Yanagisawa and
Anastasiadis [3] in E-cadherin-
deficient tumor cells revealed roles
for p120 in motility and
invasiveness. The absence of
E-cadherin from these cells
allowed for a clean separation
between p120’s roles in
cytoskeletal and E-cadherin
regulation.
p120 depletion using siRNA
dramatically reduces tumor cell
motility [3]. The absence of
E-cadherin might suggest that this
effect is adhesion-independent,
but things are more complex.
Normal migratory cells
downregulate E-cadherin, but at
the same time often upregulate
mesenchymal cadherins. Similar
changes have been shown to occur
during metastasis [15,16].
Interestingly, Yanagisawa and
Anastasiadis [3] found that
knockdown of p120 destabilizes
the mesenchymal cadherins
N-cadherin and cadherin-11.
Furthermore, knockdown of
mesenchymal cadherins in
E-cadherin-deficient cells
suppresses invasiveness, thus
mimicking p120 knockdown. This
suggests that, in E-cadherin’s
absence, p120 stabilizes
mesenchymal cadherins, which
then promote invasiveness
(Figure 1A). Thus, while p120 acts
independently of E-cadherin, it stillp120 Rho
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Figure 1. Models for p120 regulation of Rho and cadherins suggest diversity in
functions.
(A) In E-cadherin-deficient cells [3], p120 promotes invasiveness through mesenchymal
cadherin stabilization and Rac activation. A separate pool of p120 inhibits Rho. (B) In
hippocampal dendrites [5], N-cadherin-bound p120 activates Rac while a separate pool
of p120 activates Rac and inhibits Rho. (C) In fibroblasts [2], PDGF signaling activates
Rac, which in turn activates the Rho inhibitor p190 RhoGAP (p190). p190’s Rho inhibi-
tion is coupled to N-cadherin stability through p120 binding. (D) In the epidermis [4],
p120 promotes an inflammatory response through Rho inhibition, preventing activation
and translocation of NF-kB to the nucleus, which would trigger pro-inflammatory gene
expression.regulates the stability of other
cadherins.
Yanagisawa and Anastasiadis [3]
next examined two candidate p120
targets: Rac and Rho (Figure 1A).
p120 loss decreases Rac activity
and increases Rho activity [3],
consistent with the known effects
of p120 overexpression [12–14].
Rho and Rac function downstream
of p120-mediated invasiveness, as
experimental activation of Rac
partially restores invasiveness inp120’s absence, and invasiveness
is further restored by Rho inhibition
[3]. Yanagisawa and Anastasiadis
[3] then asked whether p120
regulates these GTPases via
mesenchymal cadherins.
Administration of cadherin-11
siRNA to tumor cells blocks
p120-dependent Rac activation,
but not Rho inhibition. Thus, p120
regulates invasiveness in multiple
ways by binding different targets;
cadherin-bound p120 regulates
Current Biology Vol 17 No 1
R26Rac, while a different p120 pool
regulates Rho (Figure 1A).
p120 and Neuronal
Morphogenesis
Neurons provide an in vivo example
for the intimate interplay between
adhesion and cytoskeletal
regulation during morphogenesis.
Elia et al. [5] conditionally
knocked-out p120 in the mouse
forebrain. Such mice are viable and
do not show drastic brain defects,
which is likely to be due to
redundancy of several p120
paralogs. However, in the
hippocampus, p120 loss
dramatically affects the
morphology of dendritic spines,
actin-rich structures that collect
synaptic input. Spine morphology
and number have been shown to
depend on cadherins and Rho
GTPases [17]. In p120’s absence,
spine number and length are
reduced, spine head morphology is
altered, and dendrite branching
decreases. These phenotypes are
associated with changes in the
levels and activity of familiar
targets: without p120, Rac activity
decreases and Rho activity
increases. N-cadherin levels also
decrease, albeit not dramatically,
again perhaps due to p120 family
redundancy.
Elia et al. [5] then explored which
p120 targets are critical for
dendrite formation (Figure 1B). A
p120 mutant that cannot bind
cadherin restores spine density
but not head morphology, while
a p120 mutant that cannot regulate
Rho behaves oppositely, rescuing
spine head morphology but not
spine density. However, Rac
activation by p120 also plays
a role in both processes. These
elegant experiments reveal roles
for p120 that depend on cadherin
but not Rho regulation (spine
density), or on Rho but not
cadherin regulation (head
morphology).
p120 and Inflammation
A targeted p120 knockout in mouse
skin revealed an unanticipated role
for p120 during inflammation
responses. When Perez-Moreno
et al. [4] knocked-out p120 in the
developing epidermis, they
probably expected reduced
E-cadherin levels and epithelialdisruption, but, as in the forebrain,
p120 loss doesn’t disrupt
morphology or barrier function of
newborn skin. E- and P-cadherin
levels decrease substantially, but
the remaining cadherins, perhaps
stabilized by p120 paralogs, are
sufficient for normal skin
morphology.
However, as these mice age,
there is increased proliferation in
the skin’s basal layer, leading to
epidermal hyperplasia.
Surprisingly, this doesn’t result
from changes in epidermal
integrity. Instead, it results from
infiltration by immune cells, as
pharmacological reduction of
inflammation rescues the
phenotype. Inflammation is
triggered because p120 mutant
keratinocytes activate NFk-B and
express cytokines (Figure 1D).
Perez-Moreno et al. [4] then
examined which p120 target was
involved (Figure 1D). Rho activity
increases in p120 mutant
keratinocytes, and active Rho
activates NFk-B in wild-type
keratinocytes. Finally, a p120
mutant lacking the Rho-regulatory
domain cannot repress NFk-B,
while p120 lacking the
cadherin-binding domain can.
Thus in the skin, p120 regulates
both cadherin and Rho, and by
inhibiting Rho prevents an
NFk-B-mediated immune
response.
p120 and Growth Factor Signaling
While all of these papers suggest
a relatively clean separation of
p120-dependent regulation of Rho
and cadherins, new work from the
Reynolds lab [2] suggests this is
not true in all situations.
Wildenberg et al. [2] examined
fibroblasts after treatment with
platelet-derived-growth-factor
(PDGF), which triggers dramatic
cytoskeletal reorganization,
creating membrane ruffles through
a well-characterized pathway
involving Rac and Rho.
Surprisingly, application of p120
siRNA blocks this response. p120
inhibits Rho during ruffling, as p120
knockdown increases stress fibers
and Rho activation, and inhibition
of the Rho-target ROCK blocks
p120 siRNA phenotypes. The
researchers then looked upstream
to determine at which point p120fits into the PDGF pathway
(Figure 1C). p120 is not upstream of
Rac in these cells, but instead
binds the Rho-inhibitor
p190RhoGAP (p190), which is
activated by Rac. Furthermore,
PDGF stimulation recruits p190
and p120 to membrane ruffles and
p190 recruitment to ruffles requires
both p120 and Rac activation.
Wildenberg et al. [2] found
connections between PDGF
signaling and adhesion, as
N-cadherin also co-localizes with
p120 in ruffles (Figure 1C). p120
knockdown decreases N-cadherin
stability. Finally, membrane-
association of N-cadherin and
p120 is reduced in p190 mutant
cells. Thus, during PDGF-induced
ruffling, p120’s association with
p190 both inhibits Rho and
promotes cadherin-based
adhesion. This suggests a model
whereby p120 localizes Rho
inhibition machinery to cadherins,
which in turn stabilizes adhesion.
Unlike the cases above, this
suggests a strong connection
between the regulation of Rho and
cadherins by p120.
Taken together, these papers
[2–5] strongly support
physiologically relevant roles for
p120 in the regulation of Rho
activity. This may be an innovation
of vertebrate p120, as the
amino-terminal region critical for
Rho regulation is lacking in
Drosophila and in the worm
Caenorhabditis elegans p120.
Drosophila p120 is not an essential
Rho regulator in vivo [6,7,18,19],
but p120 mutants do show
alterations in dendrite morphology
[20]. p120’s connections to cell–cell
adhesion and the cytoskeleton
suggest that this protein plays
a key role in regulating decisions
between epithelial and
mesenchymal behavior. In one
state, stable adhesion and active
Rho inhibit motility, whereas in
another state lowered adhesion
and inactive Rho promote motility.
Cadherin accumulation in
response to PDGF-induced ruffling
may represent an intermediate
state, in which Rac activation and
Rho inhibition increase the number
of actin-based protrusions, which
localize to nascent cell–cell
contacts in many cell types. These
data further suggest that
Dispatch
R27mammalian p120 regulates Rho
and cadherins separately in some
cases, while their regulation might
be coupled in others. Of course
other mammalian p120 paralogs
add to the complexity. Future work
will continue to unravel the
complex relationship between
p120, Rho, and cadherin.
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[2,3]. Anticipated climatic changes,
such as increased temperatures
with global warming, are expected
to profoundly change reef structure
and function. These and other
unforeseen changes threaten the
characteristics of the reef
ecosystem that humans have
exploited for millennia; some have
characterized these changes as the
coral reef crisis [1].
The observed changes in reefs
are related to their resilience. In
ecology, the term resilience is used
to describe how a system responds
to external perturbations. Some
consider resilience to be the rate at
which a system recovers following
a perturbation. Holling [5],
however, argued that disturbances
cause many ecosystems to change
into a fundamentally different
system, with different structures,
feedbacks and controls. In this
case, resilience is the property that
mediates the transitions among
